ABSTRACT: This study examined the hypothesis that responses of Scottish Blackface (BF, a hill breed) and Suffolk (SUF, a lowland breed) ewes to undernutrition between d 1 and 90 of pregnancy would differ. Over 2 consecutive breeding seasons, ewes (4 pens/treatment; 15 to 20 ewes/pen) were artificially inseminated and from d 1 to 90 after AI allocated to 0.75 (restricted; RES) or 1.0 (control; CON) energy requirements for ewe maintenance and fetal growth. From d 90 to term, all ewes were allocated feed to meet requirements for stage of pregnancy and expected litter size. On d 90, RES ewes had lighter BW (P = 0.001) and smaller BCS (P = 0.019) than CON ewes. Plasma NEFA concentrations were greater in RES than CON ewes (P = 0.048) at d 60 of pregnancy. Pregnancy length was longer for RES than CON ewes (P = 0.003). Lambs from SUF-RES ewes had lighter birth weights than SUF-CON lambs, but BF-RES lamb birth weights were not different from BF-CON lambs (interaction, P = 0.066). However, maternal undernutrition did not affect BW at weaning (P > 0.45). Between birth and 3 d of age, BF lambs maintained greater body temperatures (P < 0.001) and plasma concentrations of triiodothyronine (T3, P < 0.001) and thyroxine (P < 0.001) than SUF lambs. Lambs from RES ewes had greater concentrations of T3 (P = 0.026) than CON lambs, whereas these differences were greater between BF-RES and BF-CON lambs than between SUF-RES and SUF-CON lambs (interaction, P = 0.028). Maternal undernutrition did not affect lamb rectal temperature (P > 0.27). In yr 1 only, fewer lambs (P = 0.022) were reared to weaning by RES than CON ewes. Similarly, in yr 1 only, other strongyle fecal egg counts at weaning were greater in SUF-RES lambs than SUF-CON, BF-CON, or BF-RES lambs (interaction, P = 0.099). This experiment showed that lambs of a breed selected for lean tissue growth and normally maintained in a lowland environment were more affected by maternal undernutrition between d 1 and 90 of pregnancy than lambs of a hill breed managed in a more adverse environment.
INTRODUCTION
Sheep breeds on hill and upland farms in the United Kingdom must survive and thrive in the unfavorable conditions on these farms. Because sheep are seasonal breeders, the first two-thirds of pregnancy coincide with winter, when forage availability and quality is limited. Hence, the pregnant ewe is likely to face periods of undernutrition.
Because Barker et al. (1989) showed that lighter birth weight in humans, as a proxy for intrauterine growth retardation, was associated with increased incidence of adult disease, the consequences of undernutrition during intrauterine life for adult health and performance have come into focus. In sheep, undernutrition between 0 and 90 d of pregnancy has induced differences in placentomal morphology (Osgerby et al., 2004; Vonnahme et al., 2006) , fetal BW (Clarke et al., 1998; Vonnahme et al., 2006; Reed et al., 2007) , and ovarian ) and muscle development (Brameld and Dan-iel, 2008) . The phenotype varied between studies, likely because of differences in extent and timing of undernutrition, maternal body reserves, and genotype. Lambs from ewes which had experienced restricted global nutrition exhibited increased fat deposition Ford et al., 2007) and reduced ovarian follicular development or testicular Sertoli cell numbers Kotsampasi et al., 2009a,b; Munoz et al., 2009) .
The role of breed and genotype has been rarely investigated. Vonnahme et al. (2006) reported that undernutrition between 28 and 78 d of pregnancy reduced fetal BW in ewes maintained for 30 yr in nutritionally adequate conditions, but not in ewes adapted to harsh rangeland conditions. The present study compared the effects of undernutrition (0.75 of energy requirement for ewe maintenance and fetal growth) between d 1 and 90 of pregnancy on nulliparous, 18-mo-old ewes from a lowland breed, the Suffolk (SUF), selected for meat and carcass attributes or the Scottish Blackface (BF), a native hill breed known for its hardiness.
MATERIALS AND METHODS
This study was conducted at Woodhouselee Farm, Scottish Agricultural College (6 miles south of Edinburgh, UK) over winters of 2006/2007 and 2007/2008 . The experiment was approved by the Animal Experiment Committee of the Scottish Agricultural College and was conducted in accordance with the requirements of the UK Animals (Scientific Procedures) Act 1986.
Animals
The study was carried out over 2 consecutive breeding seasons. In both years, the nulliparous BF and SUF ewes were approximately 18 mo of age at the start of the experiment. The numbers of ewes and lambs in the study are given in Table 1 .
Experimental Design and Diets
Within year and breed, ewes were blocked into groups of 4 on the basis of BW and BCS and randomly assigned to experimental groups to give 4 experimental groups per breed. To facilitate observations made at lambing, 2 experimental groups per breed were artificially inseminated 7 d apart. Within each AI and breed group, 1 experimental group was assigned to control (CON) or restricted (RES) nutrition. Thus, there were 4 pens per treatment (BF-CON, BF-RES, SUF-CON, and SUF-RES) over the 2 yr (total number of pens = 16).
Ewes were synchronized in estrus using progesterone vaginal sponges (Veramix, Upjohn Ltd., Crawley, UK) and artificially inseminated with semen from a single ram from the same breed in each year. The day when AI was performed was designated d 0. Sheep were assigned to nutritional treatments on the day after AI, and each experimental group was housed in a large sawdustbedded pen (7 × 7 m) with fresh drinking water available ad libitum while the nutritional treatments were imposed (d 1 to 90 of pregnancy). Between d 50 and 70 of pregnancy, pregnancy status and anticipated litter size were determined by ultrasound scanning. Sheep were regrouped into straw-bedded pens on the basis of breed and expected litter size after completion of the nutritional treatments on d 90 to facilitate pregnancystatus-dependent feeding and management.
Ewes were fed straw and concentrates calculated to meet 0.75 (RES) or 1.0 (CON) of ME requirements (ewe maintenance and fetal growth) for housed, pregnant ewes (Agricultural and Food Research Council, 1993) . Mean pen BW at allocation was used to calculate ME requirement; estimated ME requirements for BF and SUF ewes were 6.6 and 9.0 MJ/d, respectively. Amounts fed to each pen were based on the following daily allowance for each ewe. A fixed amount of straw [0.20 (BF) or 0.26 (SUF) kg of DM/d] was fed once daily to each ewe. Amounts of concentrate feed offered between d 1 and 70 to each ewe daily, were 0.51, 0.38, 0.69, and 0.51 kg of DM/d for BF-CON, BF-RES, SUF-CON, and SUF-RES, respectively. On d 70, the concentrate feed offered to each ewe daily was increased by 0.07, 0.05, 0.09, and 0.07 kg of DM/d for BF-CON, BF-RES, SUF-CON, and SUF-RES, respectively, to account for increased requirements (10 to 15%) for fetal and placental growth. The concentrate was fed in 2 equal feedings each day at 0800 and 1600 h. Concentrate feed (in a trough) and straw (in rack) were offered separately with a minimum allowance of 0.4 m of feed Inseminated  71  74  51  53  Pregnant  42  45  41  45  Lambed  41  45  38  44  Lambs  Total born  55  59  72  82  Born dead  2  3  2  1  Singleton  27  32  11  11  Twin  28  24  40  58  Multiple  0  3  21  13  Total weaned   3   46  46  54  60  Singleton  22  27  9  9  Twin  24  18  35  46  Multiple  0  1  10  5   1 Nutrition calculated to supply 0.75 (restricted; RES) or 1.0 (control; CON) of ME requirements for housed, pregnant BF and SUF ewes between d 1 and 90 of pregnancy.
2
There were on average at AI, 22 BF and 13 SUF, yr 1, and 13 BF and 13 SUF, yr 2, ewes per pen.
3
Excludes lambs fostered or artificially reared that survived to weaning.
space (both trough and rack) per ewe. From d 90, ewes were fed hay ad libitum and concentrates formulated to meet requirements for stage of pregnancy and litter size. The ingredient and chemical compositions of the concentrate feeds and straw offered between d 1 and 90 are given in Table 2 .
Measurements
Ewe BW and BCS (1-to 5-point scale of Lowman et al. 1976 ) were recorded before AI; on d 30, 60, and 90 of gestation; 3 d after lambing; and at weaning. Blood samples were obtained by jugular venipuncture and collected in heparin-containing Vacutainer tubes (10 mL containing 171 IU of heparin/mL, Becton Dickinson Ltd., Oxford, UK) before AI and on d 60 of gestation. Plasma was prepared by centrifugation at 3,000 × g for 15 min at 4°C and stored at −20°C pending analysis. Saliva samples were collected from each ewe on d 30, 60, and 90 of gestation by swabbing the mouth with cotton wool swabs and harvesting the saliva by centrifugation as above after transfer of the swab to a Salivette (Sarstedt Ltd., Leicester, UK). Saliva samples were also stored at −20°C pending analysis.
Ewes were kept under constant surveillance from 3 d before the first expected parturition date, until all ewes had lambed. As much as possible, ewes were allowed to give birth to and care for their lambs unaided. However, lambing assistance was given if the ewe had failed to progress through a time schedule of events; that is, 1 h after the appearance of fluids, but no appearance of parts of the lamb or 2 h after parts of the lamb were seen at the vulva with no other obvious progress being made. In all cases, intervention was kept to a minimum and mainly involved correcting lamb presentation before the ewe continued the birth process unaided. Lamb presentation and degree of assistance required were recorded for each lamb according to Dwyer and Lawrence (1998) . The ewes remained in the lambing pens until 3 d after birth, when they and their lambs were moved outside to pasture. Lamb birth weight, crown-rump length, and sex were recorded 24 h (±0.5 h) after birth. Lamb rectal temperature was recorded at 0.5, 2, 24, and 72 h after birth. In yr 1, blood samples were obtained by jugular venipuncture from each lamb, 24 and 72 h after birth. Samples were collected and plasma prepared and stored as for ewe blood samples except that 5-mL Vacutainer (Becton Dickinson Ltd.) tubes were used.
The fate of each individual lamb (born alive or dead, fostered, death before weaning) was recorded. Standard husbandry procedures involved reduction of lambs reared by ewes bearing triplet or larger litters to 2 by fostering to ewes not involved in the study or by artificial rearing; these fostered or artificially reared lambs were excluded from any further analyses. Lamb BW were also recorded at weaning at a mean age of 114 ± 0.3 d. Fecal samples were collected at weaning from litters of twin lambs [3 litters, yr 1 (total n = 24); 4 litters, yr 2 (total n = 32) for each breed × treatment combination] for determination of fecal egg counts (FEC). Lambs were not treated with anthelmintic drugs before collection of samples for FEC. The ME of concentrate was predicted from 0.014 NCGD + 0.025 AHEE (Thomas et al., 1988) . The ME of straw is from Agricultural and Food Research Council (1993) .
Analyses
Ewe plasma samples were analyzed for NEFA (Matsubara et al., 1983 ) using a commercial kit (FA115, Randox Laboratories, Crumlin, UK). The sensitivity of the assay was 0.25 mM, and intraassay CV was 3.5% with samples being run in a single assay. Ewe saliva and lamb plasma samples were assayed for cortisol using a solid-phase, 125 I-based RIA (Coat-a-Count, Siemens Medical Solutions Diagnostics, Newbury, UK), which for ewe saliva was modified to accept larger sample volumes. The sensitivity of the assay was 0.26 ng/mL, and CV for low (0.60 ng/mL), medium (1.99 ng/mL), and high (6.57 ng/mL) controls were 8.9, 11.8, and 12.7% for interassay and 8.3, 11.0, and 13.6% for intraassay, respectively. Concentrations of thyroid hormones were determined using a solid phase, competitive chemiluminescent EIA system (Immulite, Siemens Medical Solutions Diagnostics). Concentrations were determined using kits, controls, monoclonal mouse antibodies, and reagents supplied by Siemens [total triiodothyronine (T3) and total thyroxine (T4)]. The intra-and interassay CV were 6.6 and 9.7% for T3 and 7.9 and 11.2% for T4, respectively. The minimum detectable concentrations of the assays were 0.29 and 1.5 nM for T3 and T4, respectively.
Concentrate feed samples were analyzed for DM, ash, CP, acid hydrolyzed ether extract, and neutral cellulose and gamanase digestibility, and straw samples were analyzed for DM, ash, CP, and NDF (Ministry of Agriculture Fisheries and Food, 1992) .
For FEC determination, a 5-to 10-g fecal sample was taken from the rectum of lambs selected for study and fecal samples obtained were processed the same day. The numbers of Nematodirus spp. and other strongyles eggs per gram of fresh feces (epg) were differentially determined on the basis of their morphology using a modified flotation technique (Christie and Jackson, 1982) , in which polyallomer centrifuge tubes (Beckman Instruments Inc., London, UK) were used to separate the egg-bearing layer after flotation in saturated NaCl solution. This method has a sensitivity of 1 epg. Fecal egg counts were classified as representing low, medium, or high levels of infectivity according to Abbott et al. (2009) .
Statistical Analyses
Because ewes were group-fed during undernutrition, parametric data were analyzed by ANOVA (Genstat Version 11.1 for Windows, VSN Int. Ltd., Oxford, UK) where the factors were breed, feeding treatment, year of study, and their interactions, and the experimental unit was the pen. Thus, there were a total of 16 observations (2 pens in each of 2 yr for each breed and feeding treatment combination). Means were calculated using data only from ewes that became pregnant after AI. In addition, because analysis of data at the pen level could not account for potentially confounding effects such as ewe BW, expected and actual litter size, lamb birth weight, sex, birth order, and age, data were also analyzed at the individual animal level using REML. Main effects fitted, as above, were a factorial arrangement of breed, feeding treatment, year of study, and their interactions. Additionally factors such as litter size, lamb birth weight, sex, birth order, and age were fitted as fixed effects where appropriate and where P < 0.05; ewe was included as a random effect. In general, results at the pen and animal (data not shown) levels were consistent, indicating the absence of confounding effects at the pen level.
Ewe salivary cortisol concentrations and lamb rectal temperature and plasma cortisol, T3, and T4 concentrations were analyzed as above (on a pen basis) but using repeated measures ANOVA. Nonparametric data (birth presentation, lamb survival) were analyzed using contingency tables and χ 2 test. Because twin lambs were selected for FEC, because of expected greater susceptibility to infection (Wolf et al., 2008) , and because all pens could not be represented in the data set, FEC data were analyzed as follows. Fecal egg counts were square-root transformed before analysis. Because lambs selected for FEC were balanced for breed, feeding treatment, and litter size, the transformed data were analyzed using a split-plot design where ewe was the main plot and lamb the split plot. Relationships between ewe plasma NEFA and cortisol concentrations were investigated at the individual ewe level using generalized linear regression within Genstat. Similarly, relationships between lamb plasma hormones and rectal temperature were analyzed by correlation analyses at the individual lamb level.
RESULTS
Retrospective analyses of feed offered and analyzed feed composition indicated that RES ewes were offered between 0.75 and 0.80 of the ME intakes of CON ewes. This undernutrition (Table 3) induced differences in ewe BW between d 0 and 90 of pregnancy. Restricted ewes lost BW between d 0 and 60, whereas CON ewes gained BW. Between d 60 and 90, all ewes gained BW reflecting deposition of fetal and placental tissues. Thus, at d 90, RES ewes had gained proportionately less BW (P < 0.001) than CON ewes. When returned to normal feeding during the later stages of pregnancy, RES ewes gained BW although RES ewe BW was still less than that of CON ewes 3 d after lambing (P = 0.024). A similar pattern was observed for BCS, with BCS of RES ewes decreasing more (P = 0.004) between d 0 and 90 than BCS of CON ewes. Plasma NEFA concentrations at d 60 of pregnancy (Table 4) were greater in BF than SUF ewes (P = 0.008) and in RES than CON ewes (P = 0.048).
Salivary cortisol concentrations (μg/L) were greater overall (P = 0.051) in BF than SUF ewes (Table 4) Duration of pregnancy (Table 5 ) was longer for SUF than BF ewes (P < 0.001) and for RES compared with CON ewes (P = 0.003). Neither the incidence of abnormal presentations (P = 0.52) nor the proportion of ewes requiring assistance at lambing (P = 0.53) was influenced (data not shown) by breed or nutrition. Litter size, as expected, was greater for SUF than BF ewes (SUF, 1.9; BF, 1.3; P < 0.001) but not influenced by undernutrition (P > 0.14). Undernutrition reduced the birth weight of SUF but not BF lambs (interaction, P = 0.066). Blackface lambs had greater rectal temperatures than SUF lambs at all times (Table 5 ; P < 0.001); there was no difference between CON and RES lambs (P > 0.21).
Lamb plasma cortisol (P = 0.039), T3 (P = 0.024), and T4 (P = 0.003) concentrations were greater at 24 than 72 h after birth. Lamb plasma cortisol concentrations were greater (Table 6 ) in SUF than BF lambs (P < 0.001), whereas plasma T3 and T4 concentrations were greater in BF than SUF lambs (P < 0.001). There was a breed × nutrition interaction (P = 0.026) for plasma T3, such that the difference in concentration between BF-CON and BF-RES lambs was greater than that between SUF-CON and SUF-RES lambs. There was also a breed × time interaction for plasma T3, Probability values for effects of breed, undernutrition, and their interaction (B × N). 4 Effect of sampling day, P = 0.11.
Ewe pregnancy nutrition and lamb performance such that concentrations in BF lambs (24 h, 12.5 nM; 72 h, 7.8 nM) differed (P < 0.001) to a greater extent between sampling times than did those of SUF lambs (24 h, 7.0 nM; 72 h, 6.0 nM). Lamb rectal temperatures at 24 and 72 h after birth were positively (P < 0.001) correlated with plasma T3 (24 h, r = 0.41, n = 121; 72 h, r = 0.35, n = 117) and T4 (24 h, r = 0.34, n = 121; 72 h, r = 0.37; n = 116); in contrast, rectal temperature was negatively correlated (P < 0.001) with cortisol concentration (24 h, r = −0.29; 72 h, r = −0.51).
For lamb weaning BW, survival to weaning, and FEC (Table 7) , data for yr 1 and yr 2 were analyzed separately as environmental conditions (fields grazed, climate, and parasite challenge) differed markedly between years. At weaning, there was no difference (P > 0.45) in lamb BW as a result of breed or undernutrition (Table 7) . Similarly, growth rates to weaning were not influenced by breed (P > 0.17) or undernutrition (P > 0.17). Because a smaller proportion (P < 0.001) of lambs born in multiple litters (0.45) were ewe-reared to weaning than those born in single or twin litters (0.85), and the occurrence of multiple litters was confounded by breed, survival to weaning was analyzed with lambs from multiple litters excluded. In yr 1, fewer (P = 0.022) lambs (50/68) were reared by RES ewes than by CON ewes (52/58); in yr 2, there was no difference (P = 0.43) due to ewe nutrition (CON 36/48; RES 48/59). Fecal egg counts also differed between yr 1 and 2 (Table  7) with other strongyles FEC being the dominant egg type in yr 1, whereas Nematodirus spp. FEC were more abundant in yr 2. In yr 1, other strongyles FEC were greater in SUF-RES lambs than SUF-CON, BF-CON, or BF-RES lambs (interaction, P = 0.099), but Nematodirus spp. FEC did not differ (P = 0.36). In yr 2, SUF Interaction between sampling time and breed, P < 0.001. lambs had greater (P < 0.001) Nematodirus spp. FEC than BF lambs, but there was no difference (P = 0.75) in other strongyles FEC.
DISCUSSION
The primary aim of this research was to assess the effects of maternal undernutrition on the performance of different breeds of sheep. The period of pregnancy when undernutrition was applied was chosen to represent the time when sheep would be at risk of undernutrition in a hill or upland environment rather than a specific period of fetal and placental development. However, the early, mid-gestation (d 1 to 90) period chosen covered the period of implantation and maximum placental growth, rather than the bulk of fetal growth which occurs during the last third of pregnancy (Bell et al., 1999) .
Low birth weight is associated with increases in neonatal mortality and morbidity (Wu et al., 2006) in many species. Neonatal lamb mortality is a significant welfare and production concern, with about 15% of live-born offspring in the UK not surviving until weaning (Defra, 2004) . Therefore, the lighter birth weight in SUF-RES lambs observed in the present experiment as a result of undernutrition indicates that these lambs are less likely to survive than lambs well-fed in gestation. Although reduced fetal BW when maternal nutrition is reduced before d 90 of gestation is a frequent (Reed et al., 2007) , but not consistent Nishina et al., 2003; Lutz et al., 2006) , response, most reports have found no reduction in birth weight as a result of undernutrition during this period (Gopalakrishnan et al., 2005; Annett and Carson, 2006; Ford et al., 2007; Gardner et al., 2007; Poore et al., 2007; Munoz et al., 2008 Munoz et al., , 2009 ). The absence of an effect on birth weight appears to be due to compensatory growth during the later stages of pregnancy after undernutrition has been removed (Luther et al., 2007) . A feature of the above studies that reported no difference in birth weight as a result of undernutrition was that the sheep used were either crossbred or a hill breed. Therefore, the lack of effect of undernutrition on BF lambs, the hill breed used in this experiment, was consistent with these previous studies. However, the SUF lambs were adversely affected by undernutrition. In other studies where ewes were undernourished in early to mid pregnancy, Vonnahme et al. (2006) reported that fetal BW was reduced in ewes maintained in sedentary conditions compared with the same breed maintained in rangeland conditions, but no birth weights were reported. Gardner et al. (2007) , in a statistical re-evaluation of data relating to cross-bred and hill breeds, found no breed effect of early to midpregnancy undernutrition on birth weight. In late pregnancy, Kenyon et al. (2009) found that the effects of selection for plasma IGF-1 concentration on lamb birth weight were masked by undernutrition. Therefore, the breed-dependent effects of undernutrition between d 1 and 90 of pregnancy on lamb birth weight observed in the present study appear to be a novel finding.
Possible mechanisms underlying the difference between breeds in response to undernutrition could be differences in either or both of the extent of mobilization of maternal (fat) reserves and efficiency of transfer of nutrients across the placenta. In previous studies, Dwyer et al. (2005) found that SUF ewes had less efficient placentas, as measured by lamb birth weight to placenta weight ratio, than BF ewes. In the present experiment, at d 60 of pregnancy, SUF ewes had decreased plasma NEFA and salivary cortisol concentrations compared with BF ewes and there was a positive Ewe pregnancy nutrition and lamb performance relationship between concentrations of plasma NEFA and salivary cortisol at d 60. Salivary cortisol is indicative of plasma free cortisol concentration (Yates et al., 2010) , and as in the present experiment, if saliva samples are obtained rapidly, any effects of acute stress are minimized (Fell et al., 1985) . It is possible that the greater cortisol concentrations in BF ewes were associated with increased mobilization of adipose tissue compared with SUF ewes. The difference in cortisol concentrations between breeds may also indicate differences between SUF and BF ewes in the extent of physiological stress. Although the sheep had grazed on lowland pasture immediately before the experiment, BF ewes had been managed extensively on hill grassland before this, whereas SUF ewes had been managed more intensively and were therefore more used to handling and housing. In this context, Smith et al. (2008) reported that exposure to a mixture of stressors, 2 and 3 d after mating influenced fetal growth. Although exposure to stressors was minimized after AI in the present experiment, it is possible that the environment was more unfamiliar to the BF than SUF ewes and may have contributed to the differences in cortisol and NEFA concentrations. However, similar breed differences in plasma cortisol concentration have been reported previously in late pregnant ewes (Dwyer et al., 2004) ; this might mean that endogenous circulating cortisol is greater in BF than SUF ewes throughout pregnancy and might rather be a feature of pregnancy of these 2 breeds. Therefore, the inability of the SUF-RES ewes to maintain lamb birth weights may have been in part due both to a decreased substrate supply to the placenta and reduced placental efficiency.
Pregnancy length was longer in RES than CON ewes, and the difference was more marked for BF ewes (1.2 d) than SUF ewes (0.3 d). A longer pregnancy in response to maternal undernutrition has been observed in some (Holst et al., 1986; Wallace et al., 2005; Munoz et al., 2008) but not all (Munoz et al., 2009 ) studies and may be a response that results in increases in physiological maturity of the lamb at birth. Dwyer and Morgan (2006) have previously reported that over the first 3 d of life, BF lambs maintained greater body temperatures and concentrations of plasma T3 and T4 and decreased cortisol concentrations than SUF lambs. Dwyer and Morgan (2006) suggested that reduced body temperatures in SUF lambs were in part attributable to reduced nonshivering thermogenesis in brown adipose tissue related to less active thyroid and brown adipose tissue function. The present results confirm these findings and extend them with the observation that lamb T3 concentrations were greater in RES than CON lambs. This observation may mean that one response to maternal undernutrition was programming of fetal development to generate an increased thermogenic response at birth in anticipation of an adverse environment. In addition, the interaction between breed and nutrition for plasma T3 at 24 and 72 h of age, where BF-RES but not SUF-RES lambs exhibited greater T3 concentrations, provided more evidence, in agreement with the differences in birth weight discussed above, that BF ewes were better able to respond to undernutrition than SUF ewes. Munoz et al. (2008 Munoz et al. ( , 2009 ) also measured free T3 and total T4 concentrations 24 h after birth in crossbred ewes of varying ages, but found no differences in concentrations as a result of undernutrition (0.6 of ME requirement), except for free T3 concentrations in mature ewes.
When lambs were weaned, there was no difference in weaning BW, indicating that SUF-RES lambs had been able to compensate for their reduced birth weights. In other experiments, lambs born to undernourished ewes have also grown faster to weaning (Ford et al., 2007; Munoz et al., 2008) . However, there was also no difference between breeds in weaning BW and thus growth rates to weaning, indicating that lamb growth rates may have been limited by ewe milk yield and thus herbage on offer. Therefore, the true growth potential of the lambs may have been confounded by nutrient supply.
A possible effect of maternal undernutrition on offspring health was assessed through FEC determination in twin lambs. Twin lambs were expected to show greater effects of maternal undernutrition on subsequent parasitism than single lambs because twin lambs are usually more susceptible (Wolf et al., 2008) . The pasture infectivity likely differed between the 2 yr, as FEC for other strongyle spp. was dominant in yr 1, whereas FEC for Nematodirus spp. was dominant in yr 2. Overall, SUF lambs had greater FEC than BF lambs, which is consistent with similar findings in experimentally infected SUF and BF lambs (Zaralis et al., 2008) . However, only in yr 1, SUF-RES lambs had greater FEC for other strongyles than other lambs. The other strongyle FEC for SUF-RES lambs in yr 1 could be classified as arising from medium infection levels (Abbott et al., 2009 ) compared with decreased levels for other treatments. However, in yr 2, Nematodirus spp. FEC for SUF lambs could be classified as arising from increased infection levels compared with medium levels for BF lambs. It is possible that effects of undernutrition observed in yr 1 were masked in yr 2 due to a greater and different infection pressure; although variation in weaning BW likely has a multi-factorial basis, the greater infection pressure for yr 2 is supported by a reduced overall weaning BW compared with yr 1.
It could be speculated that the greater FEC in lambs who had experienced birth weight penalties arising from undernutrition in utero may have resulted from either or both of impaired immunity and differences in grazing behavior. Impaired immunity may have led to greater FEC from increased worm establishment, worm fecundity, or reduced worm expulsion (Seaton et al., 1989; Claerebout and Vercruysse, 2000) . Alternatively, SUF-RES ewes and lambs grazed further apart than SUF-CON ewes and lambs (Coombs and Dwyer, 2008) , which may have limited the opportunity for SUF-RES lambs to learn to avoid fecally contaminated pasture, and thus parasite exposure. In addition, similar wean-ing BW but lighter birth weights for SUF-RES lambs in yr 1 may have arisen from growth compensation. This increased resilience would have resulted from greater grass intakes, which in turn would have resulted in an increased larval exposure, leading to the greater FEC observed. It should be noted, however, that FEC and larval intake are not necessarily highly correlated (Coop et al., 1982; Hong et al., 1987) .
Lambs from RES ewes were less likely to be raised successfully by their dams until weaning in comparison with CON lambs in yr 1. Although this relationship was not observed in yr 2, the numbers of animals are very small for mortality studies, and relatively poorer conditions in yr 2 (as demonstrated by differences in weaning BW and FEC) may have masked any influence of nutrition in yr 2. Increased mortality in the SUF-RES lambs may have been related to their lighter birth weight and possibly to reduced immune status, but these factors do not appear to have contributed to the increased mortality also seen in the BF-RES lambs. Lambs from BF-RES ewes were more reactive to neonatal stressors than BF-CON lambs, and RES lambs of both breeds had an impaired ability to discriminate their ewes in tests at 24 h of age compared with CON lambs (Coombs and Dwyer, 2008) . Thus, there may be additional, more subtle behavioral impairments in the RES lambs that contributed to their increased mortality when experiencing postnatal challenge.
In conclusion, and in contrast to most previous studies, this experiment reports that lambs of a lowland breed selected for meat and carcass attributes whose dams had been undernourished during early and mid gestation (SUF-RES lambs) were lighter at birth than SUF-CON lambs. Lambs of a hill breed (BF) did not experience a birth weight reduction. Further, whereas BF-RES lambs maintained greater plasma T3 concentrations after birth than BF-CON lambs, indicative of a greater thermogenic capacity, SUF-RES and SUF-CON lambs did not differ. Thus, reduced birth weight and the absence of an increase in thermogenic capacity in response to maternal undernutrition likely increased the risks of mortality in SUF-RES lambs. Lambs from SUF-RES ewes may also be less able to control parasitism than BF-RES lambs, but further work is required in this area. These adverse effects have implications for any changes in production system that would expose such genotypes to a more extreme environment.
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